SUMMARY The neurographic concomitants of the monosynaptic reflex, evoked either by electrical stimulation of the tibial nerve at the popliteal fossa or by percussion of the Achilles tendon, have been recorded from the sciatic nerve in the lower and middle thigh. Neurographic recordings were characterised by two travelling waves (P1 and P2), respectively increasing and decreasing in latency in the proximal direction, that showed the same chronological trend of the propagated action potentials concurrently recorded in the dorsal and ventral spinal roots at the lumbar level. At variance with P2, the speed of propagation of the P1 volley was stimulus-related, being faster on mechanical than on electrical stimulation, probably because in the latter case the latency of the fastest afferents is overestimated. The P2 volley is subserved by a-efferent fibres in either case as suggested, inter alia, by the strict parallelism between the P2 volley and the monosynaptic reflex under appropriate experimental conditions. Simultaneous recordings of spinal root and sciatic nerve action potentials allowed the direct assessment of afferent and efferent conduction velocities, both in the proximal (that is from the middle thigh to the spinal recording site and vice-versa) and in the distal (that is from the lower to the middle thigh recording site and vice versa) segments of the reflex arc. As expected, the speed of propagation of impulses was significantly higher in the proximal than in the distal segments, as well as in the afferent than in efferent limb of the monosynaptic pathway. The P1-P2 time interval was longer on mechanical than on electrical stimulation, probably due to the increased spinal delay of the T versus the H reflex. The present study provides a reliable method for the direct assessment of a-efferent as well as of Ia afferent group fibres conduction velocity, provided that in the latter case mechanical stimuli be used.
The evaluation of the neural concomitants of the monosynaptic reflex provides a unique opportunity to assess directly the conduction velocity of the motor nerve fibres as well as of group la afferent fibres provided that, in the latter case, mechanical stimuli be employed. Surprisingly, in the few systematic studies dedicated to the neurographic correlates of electrically' or mechanically2 elicited monosynaptic reflexes in man, no centrifugal potentials in the peripheral nerve could be recorded. This failure, accounted for by the temporal dispersion of the efferent volley32 contrasts with the results of a recent investigation, which show that reproducible surface recordings of the ventral spinal root discharge can be obtained when the stimulus intensity is adjusted to elicit a maximal H reflex, and also with some occasional observations demonstrating that a reflexly induced discharge in a-efferent fibres can be recorded from the tibial nerve on either mechanical4-6 or electrical67 stimulation at appropriate intensities.
The present study demonstrates that well defined neurographic recordings not only of the afferent but also of the efferent activity underlying the monosynaptic reflex can be obtained easily from cooperative normoreflexic subjects, the behaviour of such neurographic responses being consistent with that of the monosynaptic reflex under appropriate experimental conditions. Moreover it will be shown that both proximal and distal conduction velocities through the monosynaptic reflex pathway can be 434
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Materials and methods
Experiments were carried out in a quiet room on 32 fully informed healthy volunteers, aged 24-48 years; some were examined on several occasions. During the experiment the subject lay prone with the head rotated towards the stimulated side and the leg under study supported on cushions. The hip was extended, the knee slightly flexed and the foot, positioned in about 10°plantar flexion, fixed on a metal baseplate. The legs were gently warmed by an infrared lamp to ensure a skin temperature of 36-380C. The tibial nerve was stimulated using surface electrodes with the cathode (2 cm2) in the popliteal fossa and the anode (20 cm2) over the patella. If stimulus artefact presented a problem, bipolar stimulation was used. Square wave pulses were delivered by Disa 15E25 stimulator output (pulse duration 0 5 ms) at a rate of 0 5 Hz except when the effects of increasing frequencies (from 0-5 to 5 0 Hz) were studied. The stimulus intensity was adjusted to elicit a maximal H reflex, the whole range of intensities being used when the effects of increasing intensities were investigated. In no case was it necessary to use intensities higher than 30 mA. The Achilles tendon was percussed manually using a reflex hammer with a built-in microswitch capable of triggering the sweep of the oscilloscope. The trigger delay was 0-2 ms. Tendon taps at constant strength were delivered at a frequency of about one every 5 s.
Responses evoked by either electrical or mechanical stimulation were recorded from lumbar spine and from peripheral nerve. Spinal recordings were performed using fine bare subcutaneous needles with an electrode impedance of 1-2 kOhm, and an interelectrode distance of 5-7 cm. The caudal electrode was placed over the spinous process of L4 and connected to input terminal 1 of the amplifier. Alternatively, the responses were recorded using long insulated steel needle electrodes (Disa 13L63) placed within the spinal theca across the interspaces L3-4 and L4-5, and referenced to an uninsulated subcutaneous needle at the same vertebral level. Neural activity was also recorded from the sciatic nerve, at lower (LT) and middle (MT) thigh, using insulated steel needle electrodes placed close to the trunk of the nerve. In particular, two electrode arrays were employed: (a) the active electrode was placed near the nerve, the remote lead being at a transverse distance of 2 cm; (b) both electrodes were placed along the nerve axis, the interelectrode distance being about 1 cm. To guide its insertion, the active electrode was initially used for stimulation and its position adjusted until the threshold of the soleus muscle action potential was 0-5-1-0 mA. The electromyographic responses (that is H, M and T) were recorded using surface electrodes (Disa 13K60) placed 3 cm apart on the skin overlying the soleus muscle, the active lead being proximal.
The input from the lumbakand the thigh electrodes was fed into differential amplifiers (Disa 15C52) and simultaneously recorded on magnetic tape (Philips Analog 7).
The frequency responses of the recording apparatus was 10-8-000 Hz (3 dB electrical stimulation of the tibial nerve, suggesting some stimulus related difference in the afferent volleys. On the contrary the increase in latency of P2 from MT to LT was apparently unrelated to the test stimulus, the same value occurring under both experimental conditions. Finally, the time interval between P, and P2 was longer with tendon percussion than with electrical stimulation, both at MT and LT (fig 4) . This finding could be repeated even at spinal level, the interwave latency of the lumbar response being longer on mechanical than on electrical stimulation (fig 4) . When both the recording electrodes were placed along the nerve axis, P2 reversed its polarity with respect to P, even when mechanical stimuli were used (fig 2b, lower Table 3 shows that (a) both on mechanical and on electrical stimulation conduction velocities were faster in the proximal than in the distal segment of the monosynaptic circuit; (b) both in the proximal and in the distal segment conduction velocity was faster in the afferent than in the efferent limb, irrespective of the stimulus used and the afferent conduction velocity was faster on mechanical than on electrical stimulation while the efferent conduction velocity was apparently independent from the test z.S Interval (ms) stimulus, the respective mean values being practically identical.
The conduction velocity in the distal segment of the monosynaptic circuit, indirectly determined by changes in latency of the H reflex and direct motor (M) response upon stimulation of the sciatic nerve at LT and MT, was 67-96 + 6a18 n/s and 56 38 + 4-60 m/s respectively. Table 4 shows that the H conduction velocity was fairly close to the speed of propagation of electrically evoked P, volley, while both values were definitely lower than that extrapolated by changes in latency of mechanically evoked P,. In contrast, a comparative evaluation of the M conduction velocity with the speed of P2 either electrically or mechanically evoked, failed to show significant differences. An indirect evaluation of the afferent and efferent conduction velocity could not be performed in the proximal segment of the monosynaptic circuit where only a mixed sensorimotor conduction index can be determined.8
Discussion
We have demonstrated that the neurographic correlates of the monosynaptic reflex are characterised by two travelling waves (F1 and P2) whose latency increases and decreases respectively from the lowthigh to the mid-thigh sites, apparently due to the opposite direction of the underlying impulses. Both afferent (P,) and efferent (P2) responses could be obtained easily from normoreflexic subjects, provided that they were adequately relaxed, no matter whether electrical or mechanical stimuli were employed. fig 4C) . Therefore we believe that the possible factors of variability of the spindle response should not invalidate our data: in particular the temporal shift of the first positive peak from LT to lumbosacral level has to be relied on.
The P, volley The increase in latency of P, from LT to MT is the expression of an advancing wavefront of depolarisation caused by propagated action potentials in the sciatic nerve. The polyphasic P1 potential following the tendon tap does apparently reflect the succession of afferent discharge peaks observed both during muscle stretch'°" and in response to tendon percussion. Pi is more dispersed, its first positive peak is able to reflect the small fraction of faster conducting fibres more accurately than the electrically evoked P,. This hypothesis seems to be supported by previous studies on the distribution of conduction velocities within a nerve bundle '2-'4 showing that the faster contingent cannot be adequately detected on elec-50 0 5c group.bmj.com on October 21, 2017 -Published by http://jnnp.bmj.com/ Downloaded from trical stimulation, being hidden in the early phase of the compound action potential. Also the afferent conduction velocity extrapolated from the differences in latency of H reflexes evoked from LT and MT levels was significantly slower than that of mechanically evoked P,: this finding adds support to the notion that the speed of propagation of impulses in the afferent limb of the monosynaptic pathway is stimulus dependent, no matter whether the related conduction velocity has been directly or indirectly evaluated.
The discrepancy between the speed of propagation of mechanically evoked P1 (73-02 + 9.33 m/s from LT to MT and 80-72 + 9-89 m/s from MT to the lumbosacral region) and the conduction velocity of single Ia fibres (63-18 + 6*9 m/s) as determined by Mano et al,'5 is only apparent. In fact the latter estimate is based on a few afferents recorded more distally, that is from the tibial nerve at the popliteal fossa, where the conduction velocity should be lower than in the sciatic nerve or in the lumbosacral plexus. To our knowledge the conduction velocities of single human afferents over the segments that we have investigated, have not yet been measured.
The long lasting duration of the mechanically evoked Pp, as well as its low amplitude, is in agreement with the high degree of asynchrony in the afferent volley due to the anatomical distribution of the spindles (see Gassel and Diamantopoulos2) . In fact the longitudinal spread of the muscle spindles in the triceps surae makes it unlikely that a synchronous afferent volley could result from any degree of brevity of the stretch of the Achilles tendon. In addition the narrowing of the afferent fibre occurring near its entrance to the nuclear bag'6 should be considered. Differences in degree of this narrowing can introduce another variable affecting the synchronisation of impulses. According to Gassel and Diamantopoulos2 even the time taken for the conduction of the wave of increased tension down the muscle after the tap of the tendon might contribute to the dispersion of the afferent volley. Indeed such contribution should be negligible since in noncontracting muscles the propagation velocity of the percussion wave along the skin is rapid, exceeding 150 m/s.6
It could be argued that the jar produced by percussion excites sensitive mechanoreceptors in muscles throughout the limb unless widespread denervation is performed and the femur is broken, procedures which have been recommended in animal studies using comparable mechanical stimuli. '7 In man it has actually been demonstrated that a small tendon tap, subthreshold for the tendon jerk, The P1-P2 interval The duration of P2 following tendon tap, though significantly longer than that of electrically evoked P2, was much shorter than the corresponding P1 volley, thus suggesting that there was no particular dispersion of the centrifugal discharge. Indeed, Lloyd'" was able to demonstrate that a summated volley could be recorded from the ventral root on sudden mechanical stretch of the Achilles tendon in cats, although the afferent volley recorded from the dorsal root was dispersed. In his explanation he postulated that the motoneurons were facilitated by the 444 early proprioceptive impulses and fired by a later component of the afferent volley, the final outcome being an increased spinal delay with respect to the H reflex. This hypothesis seems to agree with our observations that the time interval between P1 and P2 at both LT and MT levels (as well as the interpeak latency of the lumbar response) was significantly longer after the tendon tap than on electrical stimulation. In this regard it may be of relevance that the rise times of the excitatory postsynaptic potentials in soleus motoneurones following tendon percussion have been found to be longer than those resulting from electrical stimulation of the tibial nerve.6 Direct and indirect assessment ofconduction velocity in the monosynaptic reflex pathway The present study provides a more reliable method for the direct assessment of group Ta fibre conduction velocity, provided that mechanical stimuli are used. In fact, electrical stimulation of the tibial nerve leads to a consistent underestimation of the speed of propagation of impulses in the afferent limb of the monosynaptic circuit. On the contrary the efferent limb conduction velocity does not appear to be stimulus-related, the same values being obtained on either mechanical or electrical stimulation. As expected, the conduction velocity was significantly faster in the proximal than in the distal segment of the monosynaptic circuit, both in the afferent and in the efferent limb of the pathway.
An indirect evaluation of afferent and efferent conduction velocity cannot be separately obtained in the proximal segment of the monosynaptic reflex arc, where only a mixed sensorimotor conduction index could be determined.8 However, both afferent and efferent conduction velocities could be indirectly assessed in the distal segment of the monosynaptic circuit by changes in latency of H reflex and direct motor (M) response upon stimulation of the sciatic nerve at LT and MT. The results thus obtained were comparable to those directly assessed by electrical stimulation of the nerve trunk, both in the afferent and the efferent limb of the monosynaptic pathway.
Summing up, neither direct nor indirect methods based on electrical stimulation of the nerve trunk are suitable to assess conduction velocity of the Ia afferents, the use of mechanical stimuli being imperative. On the contrary, both direct and indirect methods allow to determine a-efferent conduction velocity, no matter whether electrical or mechanical stimuli are employed.
